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The sterile insect technique (SIT) has a long, interesting, but. controversial history. The concept, operation,
and outcomes of SIT programs have been criticized heavily and acceptance of this areawide approach to insect
management is minimal. These criticisms are examined in general and specifically with regard to
Mediterranean fruit fly, Ceratitis capitala (Weidemann), and screwworm, Cochliomyia hominivomx
CoquereL The chief objections reviewed included evolutionary responses to SIT, the occurrence of sibling
species, the role of weather in causing pest suppression and outbreaks during SIT programs, and the
occurrence of undetected pest populations where eradication has been claimed. There is a paucity of data
relating sterile fly releases to sterile mating rates in target populations and sterile roatings to target population
dynamics. The overkill strategy should be updated, especially in experimental efficacy trials. Despite the
carping, it is concluded that SIT is a highly effective method for insect population management. This
environmentally benign method of insect pest suppression and eradication is underutilized even though using
SIT has eradicated screwworm populations on a continental scale and many tephritid fruit fly infestations
throughout the world. It would lend credibility to the efficacy of SIT if sterile mating frquencies were
estimated in challenged populations and correlated with target population densities.
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ABSTRACT The sterile insect technique (SIT) has a long, interesting, but.
controversial history. The concept, operation, and outcomes of SIT programs
have been criticized heavily and acceptance of this areawide approach to
insect management is minimal. These criticisms are examined in general
and specifically with regard to Mediterranean fruit fly, Ceratitis capitala
(Weidemann), and screwworm, Cochliomyia hominivomx CoquereL The chief
objections reviewed included evolutionary responses to SIT, the occurrence of
sibling species, the role of weather in causing pest suppression and outbreaks
during SIT programs, and the occurrence of undetected pest populations
where eradication has been claimed. There is a paucity of data relating
sterile fly releases to sterile mating rates in target populations and sterile
roatings to target population dynamics. The overkill strategy should be
updated, especially in experimental efficacy trials. Despite the carping, it is
concluded that SIT is a highly effective method for insect population
management. This environmentally benign method of insect pest
suppression and eradication is underutilized even though using SIT has
eradicated screwworm populations on a continental scale and many tephritid
fruit fly infestations throughout the world. It would lend credibility to the
efficacy of SIT if sterile mating frquencies were estimated in challenged
populations and correlated with target population densities.
KEY WORDS Sterile insect technique, radiosterilization, sterile male
hybrids, screwworms, Cochliomyia hominiuorax, Medfly, Ceratitis capitata,
tsetse flies, Glossina spp.
More than 80 yr has elapsed since Runner (1916) demonstrated that X-rays
induced sterility in cigarette beetles, Lasioderma serricorne (F.) (Coleoptera:
Anobiidael. In 1937, E. F. Knipling raised the possibility in conversation with
R. C. Bushland that the screwworm, Cochliomyia hominivorax Coquerel, might
be controlled if the males could somehow be sterilized (Lindquist 1955). Potts
(1944) and Vanderplank (1944) suggested that the sterile male progeny of
interspecific matings between Glossina morsitans centralis Machado and G.
swynnertoni Austen might be used to control G. m. centralis. Using the same
IAccepLed for publication 25 AUb'Ust 1998.
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principle, Davidson et al. (1970) released sterile male hybrids from the cross of
male Anopheles arabiensis Patton X female An. melas Donitz in an effort to
suppress a natural An. gambiae population in Upper Volta. It has long been
known that when two related species or subspecies are crossed it is the het-
erogametic sex that is sterile-Haldane's rule (Orr 1997). Hybrid sterility
remains an attractive option for tsetse control. Because many tsetse species
and subspecies are allopatnc, one species could be reared, and the males culled
and released into a target population of a different species or subspecies.
Most insect pests, however, do not belong to species complexes. A safe and
effective means of inducing sterility is afforded by use of ionizing radiation and
it was first used by Bushland & Hopkins (1951) to induce dominant lethal
mutations in screwworms. It is nearly 50 yr since the first crucial experiment
of releasing radiosterilized sterile screwworms on Sanibel Island, not far from
Tampa, Florida, was carried out. That experiment almost eliminated screw-
wonns and was followed by a larger trial in which the species was eradicated
from Curacao in the Netherlands Antilles (Baumhover et al. 1955). The rest is
history.
That history includes the development of new and flourishing lines of
research in addition to very real accomplishments in pest management. Inves-
tigations into details of insect reproduction from developmental, physiological,
genetic, cytological, behavioral, evolutionary, and productivity standpoints are
now considered essential to the eventual development of biorational control
measures (IAEA 1993, 1998). A good example was the sophisticated and highly
productive Commonwealth Scientific and Industrial Research Organization
(CSIRO) (Canberra, Australia) research program into the ecology and dynamics
of using chromosome rearrangements for control of sheep blow fly, Lucilia cup-
rina Robinou-Desvoidy (Foster et al. 1993).
But sterile insect technique (SIT) operations frequently have been ques-
tioned and disputed in high-profile journals. In this article, I examine the chief
criticisms leveled against some operational SIT programs. These criticisms
include underestimation of the costs of areawide programs and overestimation
of the benefits (Meyers et a1. 1998) but such assessments lie outside the scope of
the current article. The programs discussed are the screwworm (Diptera: Cal-
liphoridae), the Mediterranean fruit fly (Medfly) (Diptera: Tephritidae), and
tsetse flies (Glossina spp). There are other ongoing SIT programs, for example,
codling moth, Cydia pomonella L. (Lepidoptera: Tortricidae), in British Colum-
bia; pink bollworm Pectinophora gossypiella (Saunders) (Lepidoptera: Gelechi-
idae) in the Central Valley of California; and onion fly, Delia antiquo (Meigen)
(Diptera: Anthomyiidael in the Netherlands. Melon fly (Baetrocera cueurbitae
Coquillett) has been eradicated from the Ryukyu Islands of Japan CYamagishi
et a1. 1993, Ito et al. 1995), and a good review of tephritid fruit fly eradication
programs is given by Mitchell et a1. (1995). Useful pilot trials have been
attempted in many species, but most criticisms leveled against anyone project
would seem to apply to all. Current activity in SIT and related matters on an
international scale are abstracted in Food and Agriculture OrganizationlInter-
national Atomic Energy Agency (FAOIlAEA 1998).
Fundamental principle of SIT. Where strong density-dependent phenomena
do not occur and high frequencies of sterile matings occur, target populations
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become progressively smaller, the sterile male to fertile male ratio increases,
sterile mating rates increase, and the target population eventually collapses.
The proportion of sterile matings (P) in a population will be a function of tbe
relative numbers of sterile (mS) and fertile (F) insects such that P = mS/(mS +
F'J, where m is the competitiveness of sterile relative to wild males. Thus, as
sterile releases increase, P->l.
What is success? Because SIT can lead to eradication, anything less may
come to be judged as failure. Thus, 11 yr after full operations began, Steelman
(1976) labeled the Southwestern USA Screwworm Eradication Program "...a
failure to date." Bush et al. (1976) and Richardson et al. (1982) forcefully
argued that genetical explanations accounted for the screwworm outbreaks that
had occurred during 1972-1976. They urged stoppage of capital investment
required to establish the Mexico program until they could investigate all the
problems that they claimed to have detected. Even after no screwworm cases
had been detected in the United States or Mexico for 4 yr, Readshaw (1986) pre-
dicted that screwworm populations remained and would reappear with the
onset of favorable weather. .After screwworms had been eradicated from Libya
in 1991 (FAD 1992), some commentators suggested that weather, not SIT, was
the responsible factor (Krafsur & Lindquist 1996). Carey (1991, 1995) advocat-
ed that recurring Medfly detections in the LA basin, an area of 5,581 km2,
were manifestations of continuously reproducing populations that remained
below an unspecified threshold of detection. Clearly the use of SIT for eradica-
tion of pests over large areas has raised expectations and elicited reaction from
scientists a few of whom insisted that their particular expertise would answer
the very problems they claimed to have uncovered.
The criticisms of SIT include the following: (1) Eradication, in the full sense
of the term, is virtually impossible to achieve and even complete suppression is
questionable as pest populations continue to exist undetected. Indeed, weather
explains all or most of the population dynamics; SIT was not decisive. (2) Evo-
lutionary responses in terms of mating incompatability causes "resistance'" to
SIT in target populations. (3) The target pest species is a complex of morpho-
logically identical but more or less reproductively isolated sibling species. (4)
The correlation between sterile insect releases and decline in target populations
is coincidental with little field data to support the concept that sterile matings
occur or that they reduce target population densities.
Eradication is virtually impossible and suppression is temporary. Eradica-
tion connotes finality and Meyers et al. (1998) discuss the semantics of the
term. But many. perhaps most, insect pest species are highly vagile, screw-
worms and Medfly demonstrably so. Reinvasion from neighboring, infested
areas was always a threat in screwworm programs and several introductions
have been detected since the United States was eradicated in 1982 (Krafsur et
a!. 1987, Spradbery 1994). Introduction of Medflies via infested, imported fruit
and vegetables into California occurs frequently (APHIS-PPQ, unpublished
data; Dowell & Penrose 1995). The result is that there is always a finite, demon-
strable risk of reinfestation that creates the expectation that there has been no
eradication. How long must a region remain free of a pest before eradication can
he claimed? As John Maynard Keynes said, • ...in the long run we are all dead"
so something less than an average human lifetime would seem appropriate.
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"Eradicated" populations exist below the threshold of detection and will reap-
pear when environmental conditions allow. Medflies were detected in the L.A.
basin in 1975, 1980-1982, 1984, and yearly from 1986 to 1994. Thus, Carey
(1991, 1995) suggested that Medflies had become endemic in tbe LA. basin and
elsewhere in California at densities usually below the threshold of detection, a
position supported by Kaneshiro et al. (1995). Thereby, the onus was placed Oil
the Medfly program to establish heroic levels of sampling in efforts to prove the
negative. Such levels included 1,000 yellow sticky traps per square mile.
The reality of screwworm eradication has been questioned. Readshaw (l986)
claimed that weather govems pest density and densities will return to "normal"
when meteorological conditions become favorable. Because program officials
routinely claimed that unusual weather, particularly copious rainfall, was
largely responsible for the screwworm outbreaks of 1972-1976 (and always
without data; e.g., Novy 1991), the argnment was turned round by critics to
suggest that years of very low scre'WVlorm incidence may have been caused by
low rainfall and not by sterile fly dispersions (Richardson 1978). The role of
weather in screwworm abundance was reviewed by Krafsur & Lindquist (1996).
Readshaw's (1986, 1987, 1989) statistical argument that prevailing rainfall and
temperature patterns accounted for the apparent disappearance of screwwonns
from Texas fell apart when it was demonstrated that serial correlations in
screwworm case incidence from one year to the next explained his regression
equation. It was shown that only summer temperatures were associated with
screwwonn case incidence in livestock; rainfall and winter temperatures had
undetectable effects in seven climatological zones of Texas (Krafsur et al.
1986a, b; 1987).
Resistance to SIT. Mechanisms that tend to isolate wild females from
released, sterile males will be strongly selected, to the extent that such mecha-
nisms have a heritable genetic basis. Such assortative matings were suggested
as a likely explanation for a large epizootic of screwworm in the southwestern
United States (Bush et al. 1976).
The mating behavior of fruit flies involves male aggregation Oekking) and
female choice exercised during courtship. Data show that sterile mating fre~
quencies decline with prolonged exposure to sterile males, leading to the
hypothesis that assortative mating patterns had developed (Ito et al. 1992).
Kaneshiro et al. (1995) and McInnis et al. (1996) observed an analogous phe-
nomenon in lVIedfly in Mani and Kauai, Hawaii. At least a partial solution to
the problem may be to adopt the "filter rearing system" of Fisher & Caceres
(1998) that would allow the continuous introgression of wild material into
breeding stocks. Assortative mating has not been detected in other Medfly pro-
grams. No mating incompatibility was detected when crossing wild :Nledfly
strains from eight countries on five continents nor was incompatability detected
when four genetic sexing strains were reciprocally crossed to the wild strains
(CayolI998).
Sibling species, gamodemes. etc. It has been suggested that target insect
populations are in fact species complexes and the released sterile flies represent
at most one of the constituent sibling, or cryptic. species. These interesting
hypotheses were based on investigations in speciation among Hawaiian
drosophilid flies (Makela & Richardson 1978, Richardson et al. 1982). Thus,
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Richardson et at (1982) offered a complex argument to explain outbreaks in
which it was assumed that nominate C. hominivorax were in fact a complex of
up to nine reproductively isolated, sympatric and alIopatric "gamodemes" (i.e.,
cryptic or sibling species). The hypothesis was used to explain screwworm out-
breaks by suggesting that sterile fly releases were effective only against the
same gamodeme from which the release strain was obtained. The effectiveness
of SIT against one gamodeme in the field allowed compensating increases in
numbers of the other gamodemes presumably by density-dependent regulation.
Richardson & Vasco (1985) explained ex post facto the apparent eradication of
screwworms by suggesting that several gamodemes were unknowingly incorpo-
rated by United States Department of Agriculture (USDA) personnel into the
factory stocks; thus, multiple gamodemes were released and brought the wild
populations under control.
The notion of gamodemes was unsupported by genetic data; no crosses
among the putative gamodemes were made and Richardson et al. (982)
ignored published data that showed high frequencies of sterile matings in geo-
graphical regions containing purportedly incompatible gamodemes challenged
with the same strain of sterile males, and in regions different from that in
which the release strain originated; indeed, he ignored any evidence that was
inconsistent with his views. Years of such work by the Agriculture Research
Service of the USDA has not found instances of mating incompatability in
screwworm (Krafsur et a1. 1987). Sibling species can usually be detected by the
occurrence of hybrid sterility when crossing different strains. Mangan (1986)
reported that an isofemale line from Colima, Mexico, showed variable and
inconsistent levels of reproductive failure when crossed to 11 other isofemale
lines from Colima, Oaxaca, and Michoacan. The Qutcrossed males were, on
average, more semisterile than the females, but this varied from full fertility to
complete sterility in replicated crosses and its genetic basis, if any, is obscure.
Screwworms were eradicated from Mexico soon after Mangan's work was car-
ried out.
Three lines of evidence exist concerning the possibility of sexually isolated
screwworm populations: (1) sterile mating rates among native females after
sterile fly releases (Krafsur et a1. 1987); (2) banding patterns of polytene chro-
mosomes from isofemale lines and their hybrids (Dev et a1. 1986); and (3) limit-
ed sequence divergence in mitochondrial DNA in 30 different screwworm lines
from diverse geographical locations, including Texas, Jamaica, Mexico, and
Guatemala (Roehrdanz 1989). None of this evidence is consistent with a
hypothesis of reproductive isolation.
Richardson and colleagues' arguments violate the principle of parsimony;
indeed, they have created an unfalsifiable hypothesis that requires USDA to
prove the negative-that "gamodemes" did not exist. In a puzzling anecdote,
Richardson & Vasco (1985), "without raising the issue of technical competence,"
castigated the USDA for its failure to adopt the gamodeme scenario and sup-
port Richardson's research. Richardson's views have now crept into the tertiary
literature. In a well-regarded textbook, Pedigo (996) summarized some of
Richardson's arguments without citing any evidence that contradicts it.
An additional argument advanced to explain screwworm outbreaks was that
of laboratory selection of a rare a-glycerophosphate dehydrogenase (a-Gpdh)
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allele that conferred a fitness advantage to flies in the production factory but
not to the released, sterile flies in the field (Bush 1978, Bush et al. 1976).
Assortative matings occurred by default, it was suggested, because "lazy" factory
flies were active only in the afternoons, whereas the wild flies could mate in the
mornings, thereby avoiding sterile matings. Whitten (1980) and Krafsur &
Whitten (1993) showed that the frequency of the presumptive "rare" a-Gpdh
allele in natural populations in Texas and Mexico was 0.6-0.7, thereby falsify-
ing the "lazy fly" hypothesis.
Few data exist that correlate sterile fly releases to sterile roatings and target
population decline. Many criticisms of programs that use SIT could be deflect-
ed if such data were available; however, there are two problems in obtaining
these data. The first is that in many SIT experimental trials, all manner of
control is applied in an effort to isolate and reduce target population densities.
The chief criterion for success is that of eliminating the target population-a
repetition of the Curacao experiment. Thus, the effects of sterile male chal-
lenge are confounded by other treatments and it may be impossible even to
relate magnitudes of sterile fly releases to sterile mating frequencies. Much
useful information would be gained if sterile mating rates were measured along
two or more transects that cross the treated area. In this way heterogeneity in
sterile mating rates could assess the effects of dispersal of wild and sterile flies.
Of course, the level of sterile matings necessary to achieve a downward trend in
target population density will vary spatially and temporally but program effi-
ciencies could, in principle, be increased if an understanding of relationships
between sterile fly dose, sterile mating rates in the target population, and tar-
get population density responses were better understood (Krafsur 1994).
The second problem is related to ongoing eradication campaigns in which it
may be difficult or impossible to gain ,measures of sterile mating frequencies.
Often, as in the case of the L.A. Medfly program, wild females are exceedingly
rare so informative and statistically valid sampling therefore impossible to
achieve. In screwwonn campaigns, however, the necessary sampling can be
acoompJished but is does not seem that those carrying out the work care to pub-
lish their findings. Sterile mating rates in tsetse fly populations subjected to ster-
ile male releases can be assessed by dissecting out their reproductive systems.
Background and current status of programs. Tsetse [lies. In a long-
overlooked article, Vanderplank (1947) attempted in 1942 to eradicate Glossina
swynnertoni Austen in a region of Tanzania that had experienced a human try-
panosomiasis epidemic. G. swynnertoni is allopatric to the closely related G. m.
centralis. Vanderplank released field-collected G. m. centralis pupae into a G.
swynnertoni population. The Fl females are semisterile and the males are com-
pletely so. Presumably a large genetic load had been introduced into the G.
swynnertoni population. At the end of the trial, G. swynnertoni had been
replaced by G. m. centralis, but centralis could not survive long in the region
because of its aridity. The result was that the region became essentially tsetse
free and was recolonized by the people who had been driven out by the earlier
trypanosomiasis epidemic. This was the fust field trial of a genetic control
method.
Knipling (1955), unaware of Vanderplank's work, suggested that tsetse
might prove to be highly susceptible to SIT because of its low reproduction rate
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and its comparatively small population densities. Successful application of SIT
could, in principle, eradicate tsetse without the environmental costs of habitat
destruction and insecticidal use. Indeed, small SIT field trials have been per-
formed in southern Africa, West Africa, and East Africa. Glossina palpalis pal-
palis (Robineau-Desvoidy) was totally suppressed in central Nigeria by a combi-
nation of methods. including SIT (Oladunmade et al. 1986)_ The IAEA and the
Ethiopian government are developing an SIT campaign against G. pallidipes in
southern Ethiopia (Mebrate & Feldmann 1998). Offori (1993) reviewed the
research and pilot studies on SIT applied to tsetse flies. The most recent
accomplishment is the eradication of G. austeni Newstead from Zanzibar in
1996 (Msangi 1998).
Tsetse eradication by SIT is technically and operationally feasible. The chief
barriers are political and financial. The magnitude of such problems in the
Mexico scre....'\vorm program is given by Meyer (1994).
The LA Medfly program_ After 9 yr of detecting at least one Medfly in the
LA basin, none was detected from November 1994 to October 1997, when 23
adults were found and that single infeststion eradicated. At this writing (Sep-
tember 1998), there have been no further detections_ Medfly operations in the
L.A. basin were outlined by Dowell & Penrose (1995) and Dowell et al. (1998).
This was a large and multifarious program, involving extension, quarantine,
surveillance, ground bait sprays, fruit removal, sterile fly production, packag-
ing, and releases, and other activities that involve federal, state, county. and
city workers_ Until 1994, the program was largely reactive, and the critical ele-
ment. sterile fly releases. was made in response to local detections rather than
over an area large enough to present dispersed, undetected wild females with
high probabilities of sterile matings. Sterile fly releases over an area of 5,581
km2 have been made continuously since 1994 in an effort to prevent the estab-
lishment of new introductions (Dowell et al. 1998). The risk of new, low-density
infestations in urban Los Angeles remains, due mainly to illegally imported,
infested fruit (USDA-APHIS-PPQ, unpublished reports; California Depart-
ment of Food and Agriculture, unpublished data; Dowell & Penrose 1995). The
probability of detecting a Medfly infestation is important to know and constant
surveillance has been practiced for years_ Lance & Gates (1994) evaluated the
sensitivity of trapping regimes for detecting low-level Medfly densities by using
release-recapture experiments. Their data convincingly showed that current
sampling protocols would detect the low levels of infestation typical of urban
foci within three generations. The foregoing research was not cited by Carey
(l995), who plotted the geographical distribution and numbers of flies and lar-
vae detected but did not provide an index of sampling intensities in the infested
region. Carey's argument assumes that the detectability of Medfly populations
is very low, and populations exist beneath the threshold of detection and may
have done so since 1925. Carey does not seem to have indicated the magnitude
of such populations (i.e., hundreds, thousands, tens of thousands of flies). Nei-
ther has he specified in the most approximate terms the chances of detecting an
existing Medfly infestation.
It is always prudent to acknowledge that a failure to refute a null hypothesis
does not prove that hypothesis. But Medflies. like screwworms, have a high
reproductive potential-a single female can generate about 462 daughters over
310 J. Agric. EotomoL Vol. 15, No.4 (1998)
her lifetime (Carey 1984). Thus, medflies can show boom-and-bust population
dynamics (Southwood et aL 1974). Surely, were Medflies endemic, then occa-
sionally sizable populations would have occurred. But nO large populations
have ever been detected and the most captured in anyone year was fewer than
500 (including larvae), obtained by intensive and prolonged sampling. It is
telling that in the controversy surrounding the question of endemic Medfly pop-
ulations in California no reference has been made to basic demographic vari-
ables. Probability theory predicts that all populations become extinct sooner or
later (Feller 1968), very much sooner when population densities are small. If
reproductive success follows a Poisson distribution with a mean of unity (as in a
population of cOnstant size), then the probability that a fertile female will give
rise to at least one adult daughter is 1 - exp[-l] ; 0.63. Where all matings are
fertile, after 10 generations the probability that there is at least one adult
daughter is only 0.16. For a small population of four females, the chance that
at least one will produce a surviving daughter after one generation is 0.98, but
after 10 generations only a 0.50 probability of at least one female. Thus, it is
unlikely that small populations could long persist without detection, especially
when vigorous detection and control efforts are made.
Requiring Medfly program managers to prove the negative is illogical and
unhelpful. The efficacy of SIT against fruit flies has been demonstrated time
and again (Klassen et aL 1994, Hendrichs et al. 1995) and it is hard to see the
advantage of declaring failure, abandoning the technology, and allowing Cali-
fornia (and now Florida) fruit to be embargoed.
Field studies have shown repeatedly that genetic sexing strains are highly
advantageous in terms of sterile mating rates and economics of production and
distribution (McInnis 1994, Franz & Mcinnis 1995, Hendrichs et aL 1995). The
USDA is now using the technology in an eradication program in California and
Florida (M. Stefan, APHIS-PPQ-USDA, personal communication). It has been
suggested that sterile, released females may act as a sperm sink from wild
males, thereby assisting SIT effectiveness (Kaneshiro et al. 1995). If valid, it
does not compensate for the much greater sterile mating rates achieved with
male-only releases because there is always a huge excess of spermatozoa rela-
tive to the number of eggs to be fertilized.
Screwworm eradication. Most observers now admit the reality of eradica-
tion, at least for the time being. The risk of accidental introduction continues to
recede: sterile fly dispersals have begun in Panama, where a new "barrier" is to
be establisbed (Wyss 1998) and planning is underway to begin operations in
Cuba, Hispaniola, and Jamaica (Grant et aL 1998). It has been suggested that
screwworms are especially susceptible to SIT, perhaps even a special case (Mey-
ers et aI. 1998), but this view ignores the reproductive biology of the fly. Screw-
worm females are highly vagile and fecund, their longevity is comparable with
other higher Diptera, and their basic reproductive rate is of the order of 135
female offspring per female (Krafsur et al. 1987). It is true, as was suggested
by Lindquist and Knipling. that average adult densities are comparatively low,
but local densities can become large and the dispersal of fertile females cannot
he challenged by the release of however many sterile males; it is only their vir-
gin female offspring that are eligible for sterile matings.
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What was the genesis of the screwworm outbreak. of 1972-1976 if not assor-
tative matings, weather, or the spread of sibling species? One cause was the
reduced labor force on ranches that arose out of the greatly reduced threat of
loss to screwworm infestations. Thus, screwworm infestations in livestock were
less likely to be detected and treated. Another cause was the adoption of less
expensive sterile fly distribution costs in which flies were packaged in larger
units and released from C-45 and C-47 aircraft on parallel flight lanes set 5 or
10 miles apart. The change was justified on the basis of trap back of released
sterile flies. There was no evidence, however, that sterile males dispersed after
release in the same manner as the females. Male screwworms do not respond
well to traps; thus, inferences from trap back trials were based on female
responses. It was only after operational research showed that the manner of
sterile fly distribution was critical (Krafsur & Garcia 1978, Hofmann 1985,
after a suggestion by the late B. G. Hightower) that release tactics were adopt-
ed that ensured a better coverage of sterile males by maximizing chances of
putting them in or near male aggregation sites (Krafsur 1978).
The case for SIT. On economic and biological grounds, the case for SIT for
fruit flies is compelling. A number of countries, for example, Japan and mem-
ber states of the European Union, will not accept fruit from endemic countries
without expensive postharvest treatment. Citrus IPM programs cannot be
instituted because insecticidal baits and sprays must be applied where Medfly
is endemic (Hendrichs et a!. 1995). The insecticidal treatments have allowed
secondary pests to flourish. Fruit fly suppression by using SIT would allow nat-
ural control mechanisms to become reestablished. Indeed, there is no realistic
alternative to autocida] control methods for fruit flies although the parasitoid
augmentation technique is hypothetically advantageous (Knipling 1992) and
could be used together with SIT (Knipling 1998). Fortunately, the economic
incentives are such that national and international programs are readily estab·
lished and funded. Indeed, mass rearing, packaging, and distribution technolo-
gies are well advanced. The genetics of Medfly are well understood and there is
an international cadre of experienced and knowledgeable experts.
Interest in developing SIT and related methods for insect pests of humans
and animals led to strong research programs on numerous Aedes, Culex, and
Anopheles mosquitoes, house flies (Musca domestica L.), stable flies [Stomoxys
calcltrans (L.)], and horn rues [Haematobla lrritans (L.)]. Some projects
advanced to the point where small- or medium-scale field trials were attempted,
for example in L. cuprina, Anopheles albimanus Weidemann, An. gambiae
Giles, Glossina morsitans Westwood, and horn flies. A review of the various
programs in which SIT was used is given by Klassen et al. (1994).
But the prognosis for further development of autocidal control methods for
human pests is much less favorable than for pests affecting commercially valu-
able products. Poor people have no political influence but it is they who are at
the greatest risk. Conceptually and technically advanced methods of control-
ling vector-borne disease are in early development in the well-equipped labora-
tories of the developed world. These methods are predicated on construction of
transgenic insects that cannot transmit disease-causing agents (Beard et a1.
1994). It seems, however, that there is little or no research on ways to replace
indigenous insect vector populations with the desirable genotypes. For many
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reasons, vector-borne diseases of humans are difficult to control in the places
where the diseases are most prevalent. With regard to livestock insects, stock-
men in rich countries tend to avoid the public sector and maintain indepen-
dence. Their commodity organizations in the United States seem uninterested
in research on ecta- and endoparasites. Promising lines of research on pests of
man and animals become abandoned as the university and government labora-
tories that performed the research fail to achieve support to scale up or even to
continue their work. Instead, they switch attention to technically advanced and
fashionable lines of enquiry (e.g., creating transgenic insects) and to insect
pests for which there is some financial support. The American screwworm pro-
gram was a notable exception, but USDA discontinued most research on genetic
methods of controlling other insect pests of humans and other animals years
ago. The productive CSIRO sheep blow fly project was canceled in 1992.
Why is this so? Why are SIT and related genetic methods of pest control
generally viewed negatively? The reason may well be related to the current
faslUon of operating public institutions "like a business" in whi.ch the long-term
view is virtually ignored and chiefly politically attractive, short-term results are
acceptable. The SIT requires capital investment, establishment of infrastruc-
ture, and appreciation of the likely response time of target populations to con-
tinuous sterile male challenge. Another reason for dismissing SIT is that the
scale of research required to achieve or show a practical, useful field application
is beyond that of a university laboratory. Moreover, cooperative research
among principal investigators is often ineffective or inefficient because research
in academe is entrepreneurial, highly competitive, and local. Research is highly
specialized and focused, and investigators tend to examine broad questions
related to areawide control programs chiefly through the lens of their special-
ties. It is for these reasons, in my opinion, that many good scientists envy the
resources awarded to projects such as the Medfly and screwworm programs.
Conclusions and prognosis. There is no credible evidence that evolution-
ary responses to sterile male challenge have made operational programs inef-
fective nor was there valid evidence that screwworms or Medflies form species
complexes. The likelihood that Medflies have been continuously present
<endemic) in the L.A. basin is vanishingly small-a likely red herring. It is
hoped that USDA and the California Department of Food and Agriculture will
publish in the peer-reviewed literature their studies on illegal importation of
fruit-fly-infested fruits. The likelihood tbat undetected screwworm populations
remain in North America is nil nor can weather explain the disappearance of
screwworms. In concept and application. SIT is a powerful method of altogeth-
er eliminating a pest species from large geographic areas. The method is par-
ticularly effective in elirninating scattered residual clusters of pests that other-
wise would escape detection. The SIT is not a club with which target popula-
tions are simply overflooded into extinction; as E. F. Knipling has often pointed
out, variation in age structure, distribution of population densities, phenology,
and other matters can greatly effect the outcome in the short term; therefore,
pest control managers must take a longer-term view than if insecticides alone
were being used. As more is learned about mating behavior, breeding struc-
ture and genetics of natural insect pest populations better IPM schemes can be
designed in which SIT can playa major and decisive role. Research on pest
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bionomics, reproductive biology, and nutritional and ecological physiology leads
to continuously improving mass-rearing methods. 1\1uch operational experi-
ence, including packaging and distribution technologies gained in Medfly
(Robinson & Hooper 1989) and screwworm programs (Hoffman 1985, Meyer
1994), can be applied to other species. There is a paucity of published data that
relate sterile male releases to population suppression. It would lend much
credibility to the efficacy of SIT if sterile mating frequencies were estimated in
challenged populations. Numerous models have been constructed that relate
sterility and genetic deaths to population density but few were tested with field
data, Studies in which target population dynamics are evaluated in terms of
sterile mating rates and other covariates are badly needed. In this way, useful
mathematical models could be made and tested with actual data.
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